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PREFACE 
 
On assignment from the technical and project management department of the Municipality of Flora 
Rådgivende Biologer AS in 2008 and 2009 carried out an environmental impact assessment in the 
Municipality, in the areas around Florølandet and Brandsøy.  
 
This survey will form the basis for further disposal of discharge in the Municipality of Flora, both in 
relation to the EEC Urban Wastewater Treatment Directive and the EEC Water Framework Directive, 
as well as the Norwegian regulations. The survey is meant to form the basis of a future application to 
maintain primary treatment of the effluents from an urban area that is growing and eventually will 
exceed 10.000 pe. 
 
This Summary report in English is a brief representation of the original report in Norwegian which has 
more detailed presentations of results and discussions. 
  
Rådgivende Biologer Ltd. wants to thank all who has contributed to this comprehensive report. 
Chemlab Services AS analysed water and sediment samples. Christine Johnsen sorted the animals 
from the sediment samples and the determination of species was done by Inger Dagny Saanum. Odd 
Mikkelsen and Magnus Tviberg lent us a boat and assisted in the field. Calculations of mixing depth 
and simulations of outlets from the treatment plants were carried out by Jan Langfeldt. Tom Monstad 
(Asplan Viak Ltd) has been responsible for coordinating the work on outlet regulations in the 
Municipality of Flora and the environmental impact assessments.  
 
Rådgivende Biologer Ltd. thanks Rune Kristiansen at Municipality of Flora for the commission. 

Bergen, 9th of September 2009 
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SUMMARY 
 
Tveranger, B., E. Brekke, M Eilertsen, G.H. Johnsen & K. Urdal 2009. 

Summary report: Municipality of Flora. Marine environmental investigations of Florølandet 
and Brandsøy: Recipient description, sewage management and environmental status 2009. 
Rådgivende Biologer Ltd., Report 1229, 25 pages. ISBN 978-82-7658-688-6. 

 
The Municipality of Flora is located on the western coast of Norway, and has two coherent and 
densely built-up urban areas; Florø with 8 355 inhabitants and Brandsøy with 490 inhabitants. They 
are all situated in the western part of the municipality, and within 2015 it is estimated that the 
population will exceed 10 000 inhabitants. This will have implications for the wastewater treatment.  
Today, the Municipality of Flora operates 21 wastewater outlets. Within 2015 this will be reduced to 
11 wastewater outlets, and the six largest will constitute around 75 % of the wastewater. This recipient 
investigation focuses upon these six largest outlets and the effects they constitute on the marine 
environment. 
 
In accordance with the EEC Urban Wastewater Treatment Directive 91/271, and the Norwegian 
pollution authorities, the municipality itself is responsible for authorizing effluents of maximum 10 
000 pe to each distinct recipient, even though it may be discharged from several treatments plants. The 
urban area of Florø and Brandsøy are supposed to exceed 10 000 pe within 2015. The present fishing 
industry supplies considerable wastewater into the municipal outlets, and therefore it is estimated that 
the present load into the coastal recipients already exceeds 10 000 pe. This will require an extended 
level of waste water treatment, and the responsibility for the effluents will be transferred to the County 
Governor. If it can be documented that the effluents are released into several distinct recipients 
without any mutual interference, and that they do not inflict damage to the marine environment, the 
present treatment level can be maintained. This report presents documentation for this distinction. 
 
According to the division of water bodies described by the Water Framework Directive, the 
wastewater from Florø is mainly discharged into four distinct coastal water bodies or recipients, each 
of which in 2015 will receive effluents from less than 10 000 pe. These are: Botnafjorden, receiving 
max 3 250 pe, Hellefjorden receiving max 830 pe, Skorpefjorden receiving max 1 050 pe and 
Solheimsfjorden receiving max 5 400 pe from Florø and Brandsøy (figure 2).  
 
In 2008 and 2009, an extensive environmental impact assessment of the coastal waters of Florø was 
carried out to evaluate both the distinction between the three separate recipients and to assess the 
necessary and appropriate extent of wastewater treatment in accordance with the Waste Water 
Directive. All results are summarized according to the EEC Water Framework Directive and presented 
as classified Ecological Status both in figure 3 and table 5. 
 
The investigated water bodies of Botnafjorden were from moderately to scarcely affected by supplies 
of nutrients and were classified to high ecological status of coastal surface waters. The quality of soft 
bottom fauna was influenced by organic supplies in the investigated area, thus varying from good to 
moderate ecological status. The sediments were classified to poor ecological status due to substantial 
pollution of environmental pollutants (PCBs, PAHs and TBT), originating from previous effluents 
from industrial activities as ship yards and urban activities, mostly in the inner harbour and urban 
areas of Florø. The overall ecological status of Botnafjorden (i.e. harbour of Florø) was set to 
moderate ecological status for the inner part and good ecological status for the outer part. The 
investigated water bodies of Hellefjorden and Solheimsfjorden were scarcely affected by supplies of 
nutrients, environmental pollutants, and were classified to high ecological status of coastal surface 
waters, as well for the biological diversity of soft bottom fauna. The investigated water bodies of 
Skopefjorden were scarcely affected by organic supplies of nutrients, and were classified to high 
ecological status in terms of both sediment quality and biological diversity of soft bottom fauna close 
to the outlet. 
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The overall classification of Ecological Status for the coastal water bodies surrounding the western 
part of the Municipality of Flora, with corresponding waste water treatment plants (TP) (cf. figure 3 
and table 5): 
 
Botnafjorden (Melkevika, Stranda/Hamregata and Kvalvågen TP):... "moderat and good ecological status" 
Hellefjorden (Havreneset TP, new 2012):................................................................. "high ecological status" 
Skorpefjorden (Havreneset south and Industrivegen TP) : ....................................... "high ecological status" 
Solheimsfjorden (Gunnhildvågen, Storåsen south, Kanalen south, Solheimsfeltet/Brandsøy,  
Solheimstranda/Brandsøysundet TP) : ...................................................................... "high ecological status" 
 
The ecological status and environmental qualities of the four main recipients at the western coastline 
of Florø, are from slightly to moderately affected by the effluents from the waste water treatment 
plants. Therefore, the recipients will not affect each other negatively, and thus there is very little 
mutual influence between the four recipients that will affect their ecological status. 
        
This recipient investigation and the results from modelling the effluent plumes, show that the effluents 
have minor effects on the recipients. Water quality is overall good and natural, only slightly to 
moderately influenced by increased concentrations of faecal bacteria (E.coli) in the water column in 
the close vicinity of the effluents and the eastern harbour of Florø (Melkevika). The biological 
diversity of soft bottom fauna was overall high within the recipients, also for samples taken in 
sediments close to the outlets. The exception was the soft bottom fauna in the recipient of Florø 
harbour (Melkevika and Stranda) that was influenced by organic supplies (natural and urban supplies). 
The sediment quality was from moderate to good also with respect to organic contents. However, the 
sediments of Florø harbour were more heavily polluted with substances such as PAHs, PCBs and 
especially TBT, mostly originating from previous industrial activities in the harbour and in urban 
areas.  
 
Thus it is concluded that the investigated waste water outlets from Florø have no to slight negative 
impacts on the marine environment for five of the investigated outlets. The new outlet in Melkevika 
(2010) may locally influence the marine environment in Melkevika since the soft bottom fauna in the 
deep basin in this area may be influenced by organic supplies.  
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INTRODUCTION 
 
On contract from the Municipality of Flora Rådgivende Biologer Ltd. carried out a survey of marine 
recipients surrounding Florølandet and Brandsøy in 2008 and 2009. This survey will form the basis for 
further discharge management in the Municipality of Flora, both in relation to the EEC Urban 
Wastewater Treatment Directive and the EEC Water Framework Directive, as well as the Norwegian 
regulations. 
 
The waste water treatment required depends on the size of the urban area. If there are several treatment 
facilities, as is the case for Flora, the urban area can be considered as more than one unit if it can be 
documented that the discharges are released into recipients that are not influenced by each other. For 
urban areas with 2 000 – 10 000 person equivalents (p.e.) with discharges into coastal waters classified 
as “less sensitive”, it previously was required to carry out “suitable treatment” or “at least primary 
treatment”. Chapter 13, (§ 13-8) in the National Pollution Regulation specifies discharge requirements 
into “less sensitive” areas: 
“Discharges must not pollute the sea water or sea bed and must: 

a) reduce the amount of suspended matter in the discharge water by at least 20 %. 
b) contain a maximum of 100 mg of suspended matter per litre as an annual mean 
c) have a sieve with mesh size of no more than 1 mm 
d) have a sedimentation tank designed in accordance with § 13-11 in the regulation 

 
According to the database of Statistics Norway the Municipality of Flora has two adjoining urban 
areas, Florø (8 355 inhabitants) and Brandsøy (490 inhabitants), both situated in the Western part of 
the municipality. Chapter 14 of the National Pollution Regulation applies to discharges from more 
than 10 000 pe. According to the chapter secondary treatment of waste water is required, but there are 
two ways in which a primary treatment may be sufficient: 

1) The urban areas can be treated as fragmented units if different discharges are let into 
separate recipients (cf. § 11-3k in the regulation) 

2) It can be documented that the discharge does not harm the environment (cf. § 14-8, art. 6)  
 
This survey was carried out according to § 14-8 in the regulation, i.e. documenting whether the 
discharges would be harmful to the environment. The documentation will attempt to clarify this, and 
provide answers in accordance with requirements in SFT’s publication TA-1890/2005. 
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MUNICIPAL SEWAGE MANAGEMENT IN FLORA  
 
At present the Municipality of Flora has 21 public outlets distributed among 14 treatment areas that 
discharge into the marine recipients around Florølandet and Brandsøy (table 1). By 2015 the several 
of the smaller and shallower outlets will be terminated, so that there will be only one outlet per 
treatment area. The present survey will focus mainly on an assessment of 6 of the largest outlets, 
which by 2015 will make up 74 % of all the effluents (table 1 & 2; figure 1). Four of these outlets 
already exist, the other two will be established (table 1). 
 

 
 
Figure 1. The six largest wastewater treatment plants in 2015 of the Municipality of Flora. (table 2). 
 
 
Table 1. Six of the largest wastewater outlets of Florø, with present and maximum load in pe 
(situation in 2015). 
 

Outlet name Present / max load Outlet to recipient Main recipient 
Kanalen south 1720* 1870 Ø 250 mm 270 m to 30 m depth Solheimsfjorden 
Melkevika (2010) 1460* 1570 Ø 250 mm 110 m to 30 m depth Botnafjorden 
Storåsen south 600 1430 Ø 250 mm 235 m to 26 m depth Solheimsfjorden 
Solheimsfeltet 685 1150 Ø 250 mm 130 m to30 m depth Solheimsfjorden 
Stranda 890 940 Ø 250 mm 400 m to 30 m depth Botnafjorden 
Havreneset (2012) 780* 830 Ø 250 mm 200 m to 30 m depth Hellefjorden 
* At present the load for the outlet ”Kanalen south” is 600 pe, and 0 for the new outlets in Melkevika 
and Havreneset. The numbers illustrate the total load for the 6 largest treatment plants/-areas as of 
today. 
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Table 2. Sewage treatment districts of Florølandet and Brandsøy, with present and maximum load in 
2015. 
  

Treatment area / outlets Discharge 
depth (m) 

Discharge 
(pe) 2008 

Discharge depth 
2015 

Discharge 
(pe) 2015 

1 Melkevika   30 (new 2010) 1570 
 -Brandsøyåsen northwest 35 460 closed  
 -Ragnarud/Hovland 20 1000 closed  
 Private outlet from shipyard - 100 - 100 

2 og 3 Hamregata/Stranda 30 890 30 940 
4 Kvalvågen 51 420 51 480 
5 Havreneset  780 30 (new 2012) 830 
 -Nordnes 10  closed  
 -Breivika 12  closed  
 -Breivika 8  closed  

 -Breivika 17  closed  
6 Havreneset south 6 850 ca 30 (new 2013) 900 
7 Industrivegen 7 160 ca 30 (new 2012) 160 
8 Gunhildsvågen 51 95 51 195 
9 Storåsen south      
 -Storåsen south 26 600 26 1430 
 -Brendøvegen 7 480 closed  

10 Kanalen south     
 -Kanalen south 30 600 30 1870 
 -Kleiva/Soldal/Båtevika 15 720 closed  
 -Krokane vest/Nygård 26 400 closed  
 -Krokane vest 12 120 closed  
 -Prata 12 30 closed  

11 Solheimsfeltet 30 685 30 1150 
12 Brandsøy B23-25 Point of outlet in RD 11 
13 Solheimstranda 20 50 Outlet to RD 14 
14 Brandsøysundet 61 105 61 735 

 Botnastranda industrial 
area (private) 

7 5 7 50 

 Fjord Base (private, 2 stk) 20/20 100 20/20 100 
 Sum for Florølandet og 

Brandsøy 
 8650  10510 

 
Estimates of mixing depths for the six largest wastewater outlets in 2015 show that no effluents will 
normally reach the surface neither in winter nor summer with a discharge depth of 30 m (Storåsen 
south) and 25 m (the other 5 outlets), given maximum water discharge (table 3 & 4). The exception is 
Melkevika during winter, when a surface breakthrough of the effluent plumes may occur, given 
maximum water discharge. 
 
The dilution of the effluents is normally highest during the winter because of the disruption of the 
temperature stratification. The simulations show that the mixing depths differ moderately between the 
winter and summer at the various outlets. However, the effluent volumes are moderate in size and at 
depths which make surface breakthrough unlikely even at maximum water discharge during winter.  
    
Still, one has to assume that there will be significant variations, and a combination of little or no 
stratification during winter or periods of low current speed throughout the water column may result in 
surface breakthrough of the effluent plumes. This may cause reduced hygienic quality in the vicinity 
of the respective discharge point, but there will be substantial dilution of the effluent by the time it 
reaches the surface. Such episodes are expected to be infrequent and short lived.  
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If maximum water discharge is due to flood water caused by rain or snow melting, the fjord area will 
then receive large amounts of fresh water. This will probably result in a stronger vertical stratification 
which will help prevent the effluent plumes from reaching the surface. 
 
Table 3. Estimated mixing depth in summer by average current speed and mean and maximum flow of 
the six largest wastewater effluents of Flora, with maximum load in pe.  
 

Summer, mean flow Summer, maximum flow  Outlet / name 
Top of cloud Mixing depth Dilution  

(1000 m) 
Top of  cloud Mixing depth Dilution  

(1000 m) 
Melkevika (new) 12 16,7 209 7 12 128 
Stranda 21 23 1008 11 16 600 
Havreneset (new) 20 22 1600 14 18 740 
Storåsen south 15 17 1077 8 12,5 575 
Kanalen south 15 18,5 1050 10 15 600 
Solheimsfeltet 15 18 1300 10 15 575 
 
Table 4. Estimated mixing depth in winter by average current speed and mean and maximum flow of 
the six largest wastewater effluents of Flora, with maximum load in pe.  
 

Winter, mean flow Winter, maximum flow  Outlet / name 
Top of cloud Mixing depth Dilution 

(1000 m) 
Top of cloud Mixing depth Dilution 

(1000 m) 
Melkevika (new) 4,5 10,3 2550 surface 5,5 1300 
Stranda 12 16 3500 4 10,5 1250 
Havreneset (new) 15 18 4400 8 13 1340 
Storåsen south 10 14 2200 4 9 750 
Kanalen south 14 17,8 1250 8 13 520 
Solheimsfeltet 14 19 1675 9 13,7 700 
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DEFINING SEPARATE RECIPIENTS 
 
The most densely populated areas in the western part of the municipality are close to large fjord 
systems with good water exchange around Florø/Florølandet and Brandsøy. According to the official 
“Fjord Catalogue”, published by the Directorate of Nature Management this marine area is part of the 
outer  Førdefjord system, and is further divided into the water bodies Botnafjorden (north of 
Brandsøy and Florø), Hellefjorden (northwest of Florø), Skorpefjorden (west of Florø), 
Rekstafjorden (southwest of Florø) and Solheimsfjorden (south of Florølandet and Brandsøy; figure 
2).  
 
At present a total of 8 500 pe are connected to the discharge system of Florølandet and Brandsøy, and 
an increase to approx. 10 500 pe is expected by the year 2015. The waste water effluents of the 
populated areas on the north side of Brandsøy and Florø towards the harbour are discharged into 
Botnafjorden. The 3 150 pe presently connected to the sewage network emptying into Botnafjorden 
are expected to increase to approx. 3 250 by 2015. 
 
There are presently no effluents from the northwest side of Florø into Hellefjorden, but the opening of 
Havreneset treatment plant will result in Hellefjorden receiving 830 pe by 2015. 
 
The area to the west of Florø discharges into Skorpefjorden. Due to closing of the outlets that 
presently enter Breivika, the pe discharged into Skorpefjorden is expected to be reduced from 1.600 
today, to approx. 1050 in 2015. 
 
The area to the south of Florølandet and Brandsøy discharges into Solheimsfjorden. An increase from 
the present 3 900 to approx. 5 400 in 2015 is expected. 
 
   

 
Figure 2. Division of the coastal waters around Florølandet and Brandsøy into five water bodies 
according to the Fjord catalogue. 
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OVERALL ECOLOGICAL STATUS IN 2008 AND 2009 
 
Rådgivende Biologer Ltd. has carried out an assessment of the recipients in the coastal waters of the 
Municipality of Flora. The division into recipients in relation to the largest outlets is in accordance 
with the “Fjord Catalogue” (figure 3). For practical purposes the different locations are presented in 
separate chapters, containing summary, results and an evaluation of the present status.  
 

1 = High status 2 =Good status 3 = Moderate status 4 = Poor status / 5 = Very poor status  
  
Figure 3. Ecological status 2008 and 2009 for the different locations, in accordance to EEC's Water 
Framework Directive, based on an overall evaluation of environmental quality for all the investigated 
subjects. See table 5 for details on environmental qualities and quality scale below. 
 
All results are evaluated with reference to SFT’s classification system (SFT 1997 and 2007; table 5). 
An overall assessment of all results is then carried out in order to describe the ecological status in 
accordance with EEC's Water Framework Directive (figure 3).  
 
Ecological status (figure 3 & table 5) constitutes an evaluation of all elements assessed. The water 
quality is mainly similar for all these localities, which have a high exchange of water, whereas 
conditions on and in the sediments show some variation in relation to local effluents. When assessing 
ecological status the main focus is on environmental pollutants in the sediment. Emphasis is also 
placed on bottom dwelling fauna and general environmental quality of the sediments.  
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Table 5. Overview of the Norwegian EPA classification of environmental quality for all the 
investigated subjects on each of the places studied in 2008 and 2009. Classification of environmental 
quality is done according to the scale below (see SFT 1997 and 2007 for details regarding the 
quantitative limits). The overall qualities are summed into "ecological status" (figure 3). 
 

Botnafjorden Hellefjorden Skorpe-
fjorden 

Solheimsfjorden Element 

Melkevika 
st. 1 

Stranda 
st. 2 

Havreneset 
st. 3 

Havreneset 
south 

St. 4 Storåsen 
south 

Kanalen 
south 

Solheims-
feltet 

Visibility I I I - I I I - 
Turbidity I I I - I I I - 
Chlorofyll a (summer) I I I - I I I - 
Phosphorous I-III I-II I-II - I-II I-II I-II - 
Nitrogen I I I - I I I - 
E. coli I-II I-III* I - I I I-II* - 
Water quality II I I - I I I - 
Oxsygen I I I - I I I I 
Fauna in recipient III II I - III** - - - 
Fauna at outlet I I - I - I I I 
TOC in sediment V V*** V*** I V*** I I I 
Sediment quality III II I I I I I I 
Heavy metals in 
sediment 

I-IV I-II I - I-IV - - - 

PAH in sediment III III II - II - - - 
PCB in sediment III III II - II - - - 
TBT in sediment V V III - I - - - 
Environmental 
pollutants in sediment 

IV IV II - II - - - 

Ecological status  Moderate Good High High High High High High 
  
*  The reason for the elevated levels is that some of the samples were collected in or near the 

effluence plume. 
**  The composition of species is in the category “very good”. 
***  The level of TOC in the sediment according to the SFT classification system does not always 

give a correct description of the situation, because the levels of the categories appear to be set 
too strict, given that the bottom dwelling fauna indicates that the environmental conditions are 
“good” or “very good”. 
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SUMMARY OF INVESTIGATIONS IN BOTNAFJORDEN  
 
Botnafjorden constitutes a separate water body north of Florølandet and Brandsøy. It is connected with 
Hellefjorden in the west and is relatively open, except for the harbour of Florø, which is somewhat 
enclosed and with a bottom sill. Botnafjorden is categorised as “CNs2: moderately exposed 
coast/skerries”, and its ecological status will probably vary from “moderate” in Melkevika to “good” 
outside Stranda. The enclosed and silled nature of the recipient results in reduced water exchange, 
making it susceptible to local discharges. Measurements of water currents, hydrography and water 
quality have been carried out near the planned outlet in Melkevika and the existing outlet outside 
Stranda. The quality of the sediment and the bottom dwelling fauna was assessed from the vicinity of 
the outlets Ragnarud/Hovland (RD1) and Stranda (RD2+3) and outwards in the recipient. Sediment 
quality, environmental pollutants and bottom dwelling fauna were examined on to spots further out in 
the recipient (Melkevika and outside Stranda). 
 
The environmental quality of the open waters corresponds to SFT’s condition category I = “very 
good” for bacterial levels (E. coli), nutrient richness, turbidity, visibility (summer and winter) and 
Chlorophyll a in summer. The exceptions were the nutrient levels during winter and E. coli levels in 
summer in Melkevika, which corresponded to SFT’s condition category II = “good”. 
 
The environmental quality of the sediment corresponds to SFT’s condition category III = “moderate” 
in Melkevika and I = “background” outside Stranda in terms of heavy metals, but the level of organic 
pollutants corresponds to category IV = “poor” both in Melkevika and outside Stranda. 
 
The organic content in the sediment was elevated on both locations. The quality of the bottom 
dwelling fauna at the deepest part of the recipient outside Melkevika was clearly influenced by organic 
matter, less influenced outside Stranda. The quality of the fauna corresponds with category III = “less 
good” in Melkevika and category II = “good” outside Stranda. The fauna outside the outlets Ragnarud/ 
Hovland (RD1) and Stranda (RD2+3) and further out in the recipient was less influenced by the 
effluents, and the environmental conditions were fairly good for bottom dwelling fauna. The harbour 
area north of Florølandet is influenced by natural run-offs, sewage, spill water and industrial effluents. 
The conditions are considered as moderate in terms of turnover and transportation of matter at the 
deepest part of the recipient (based on previous investigations), while the conditions in the vicinity of 
the actual outlets (RD1 and RD2+3) are considered to be better. An estimated moderate increase of 
sewage discharge (5-10 %) in Melkevika and Stranda in the period up to 2015 will most likely not 
influence the environmental conditions for the bottom dwelling fauna, since the new outlet in 
Melkevika and the existing outlet outside Stranda are at depths of 30 m below the surface, 
corresponding with the depth of the fjord sill to the west. The sediments in the harbour of Florø are 
clearly influenced by environmental pollutants, probably the result of previous industrial activities and 
shipping.    
 
The water currents measured both midsummer (10 and 20 m depth) and midwinter (5 and 20 m depth) 
in Melkevika were weak, but a little stronger during winter than summer. The current flux was clearly 
influenced by the tidal variation, but because of the enclosed nature of the location the direction of the 
currents was less influenced. The direction of the currents was rather random both summer and winter 
and only to a small degree topographically influenced. The weak currents at both depths during 
summer indicate only moderate water exchange, while the stronger currents during winter resulted in a 
somewhat higher water exchange. The effluents from the new outlet in Melkevika are therefore 
expected to be less effectively mixed and diluted during summer than during winter. At maximum 
discharge the top of the plume can be expected to reach the surface during winter when there is no 
stratification. At the existing outlet outside Stranda the dilution of the effluents will probably be better 
than in Melkevika, and the top of the plume will probably not reach the surface during winter.  
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SUMMARY OF INVESTIGATIONS HELLEFJORDEN  
 
The marine area of Hellefjorden constitutes a separate water body to the northwest of Florølandet. It is 
connected with Skorpefjorden to the south and opens towards the coast in the northwest. It is 
categorised as “CNs2 = “moderately exposed coast/skerries” and will most likely have high ecological 
status in the area northwest of Havreneset. The recipient is near the coast, wide and open, and with a 
high degree of water exchange that strongly reduces any effects of local effluents. Measurements of 
water currents, hydrography and water quality have been carried out west of the planned outlet outside 
Havreneset. The quality of the sediment and the bottom dwelling fauna was assessed on one place in 
the recipient northwest of Havreneset. 
 
The environmental condition corresponds to SFT’s condition category I = “very good” for nutrient 
richness, turbidity, level of bacteria, visibility both summer and winter, chlorophyll a during summer, 
sediment quality and bottom dwelling fauna. In terms of heavy metals and organic pollutants the 
environmental condition corresponds to category I = ”background” and II = “good”, respectively. The 
conditions in Hellefjorden are considered to be very good for turnover and transport of effluents from 
the new outlet outside Havreneset.  
 
The water currents measured in mid summer at 5 and 15 m depth northwest of Havreneset were 
strong, while the water currents measured in mid winter at 2 and 15 m depth were medium strong and 
strong, respectively. The currents were on average stronger during winter than summer and clearly 
influenced by tidal currents. The direction and flux of the currents changes rapidly in line with the 
tidal variation, both winter and summer and on all the depths where measurements were taken, with 
predominant current directions of north-northeast and south-southwest in the area northwest of 
Havreneset. As a result the water flow returns regularly to the point of measurement. However, the 
currents are so strong that the water will be mixed and exchanged by the time it “returns”. Overall the 
currents and water exchange are good for the area in question, and the effluents from the new outlet 
outside Havreneset will be relatively quickly be diluted and transported out of the area. 
 
 
 

SUMMARY OF INVESTIGATIONS IN SKORPEFJORDEN  
 
The marine area of Skorpefjorden constitutes a separate water body to the west of Florølandet. It is 
connected with Hellefjorden to the north and opens towards the coastal waters in the west. It is 
categorised as “CNs2: Moderately exposed coast/skerries”. The exact ecological status can not be 
assessed since it is based on only one sediment sample outside the outlet “Havreneset south” (RD 6) in 
the eastern end of the area. Due to open nature of the recipient near the outlet, with good current and 
water exchange conditions it is likely that the water body of Skorpefjorden will have high ecological 
status.  
 
The sediment quality and the bottom dwelling fauna was examined from the outlet at “Havreneset 
south” and outwards in the recipient, and was not found to be markedly influenced by the effluents 
from the outlet. The sediment was sparse and consisted mainly of shell deposits. The conditions 
outside “Havreneset south” are considered to be good for turnover and transport of effluents from the 
outlet. 
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SUMMARY OF INVESTIGATIONS IN SOLHEIMSFJORDEN  
 
 The marine area of Solheimsfjorden constitutes a separate water body south of Florølandet and 
Brandsøy and east of Rekstafjorden. It is categorised as “CNs2: Moderately exposed coast/skerries” 
and it will probably have “high ecological status”, since it opens towards the coastal areas in the west, 
is deep and has very favourable currents and good water exchange.  
 
Current measurements were made close to the existing outlets ”Storåsen south” (RD9) and ”Kanalen 
south” (RD10), and hydrographical and water quality measurements were made near the outlets and 
on one location further out in Solheimsfjorden. The quality of the sediment and the bottom dwelling 
fauna was evaluated from the outlets RD9, RD10 and RD11 (“Solheimsfeltet”) and outwards in the 
recipient. Sediment quality, fauna and environmental pollutants was also investigated on one location 
further out in the recipient “Solheimsfjorden”. 
 
The environmental quality corresponds to SFT’s condition category I = “very good” for bacterial 
levels (E. coli), nutrient richness, turbidity, visibility (summer and winter), chlorophyll a in summer, 
sediment quality and quality of the bottom dwelling fauna outside all the outlets. The environmental 
quality of the sediment in Solheimsfjorden corresponds to the category II = “good” for heavy metals 
and organic pollutants. The organic content of the sediment was rather high, but is representative for 
the natural conditions in deep fjords with good water exchange. The fauna in the deepest parts of 
Solheimsfjorden was not markedly influenced by the effluents, and the quality of the fauna 
corresponds to the condition category I = “very good”, even though the diversity index corresponds to 
category III “poor”. No negative effect of effluents on sediment quality and bottom dwelling fauna 
were found near either of the outlets, even within 10-15 meters of the outlets. 
 
In mid summer the water currents at 5 and 15 m depths were strong outside “Storåsen south”. In mid 
winter the currents at 2 and 15 m depth were strong and very strong, respectively. Outside “Kanalen 
south” the mid summer currents at 10 and 20 m depth were very weak and weak, respectively, while 
mid winter currents at 5 and 20 m depth were medium strong and strong. The currents were strongly 
influenced by tidal currents. The current conditions and water exchange are favourable both summer 
and winter outside “Storåsen south”. The outlet outside “Kanalen south” is more enclosed, and 
particularly in summer the currents were weak with seemingly reduced water exchange. However the 
tidal currents will result in most of the water being exchanged by the time it “returns” to the starting 
point. Also, the outlet outside “Kanalen south” is connected with deep and fast flowing water in 
Solheimsfjorden. Overall the current and water exchange conditions of the area are good, and effluents 
from the outlets (RD9, RD10 and RD11) will be relatively quickly diluted and transported out. 
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 WATER EXCHANGE 
 
 
Florølandet and Brandsøy are surrounded by different fjord systems with clear geographical 
separations between the water bodies. The water exchange is substantial and characterised by a 
combination of influx from the north going coastal current, strongly influenced by the tidal waves, and 
outflow from Solheimsfjorden/Brufjorden and adjacent fjord further inland. The saline coastal water 
runs north along the coast, with some influx into the fjords underneath the surface layer. To the south 
of Florølandet and Brandsøy the coastal water will normally flow into Rekstafjorden and further into 
Brufjorden and the southern side of Solheimsfjorden, eventually as an underlying compensational 
current due to the less saline and fresh water influenced current flowing out from the fjords. These 
surface currents mainly flow out in the northern part of Solheimsfjorden and continue out towards the 
coast. The water bodies north of Florølandet will be dominated by the saline coastal water. It is 
assumed that a branch of the coastal tide will enter Skorpefjorden from the west and influence the 
harbour area north and west of Florølandet. Several medium sized rivers drain into Norddalsfjorden, 
but most of the fresh water outflow will run along the northern part of Botnafjorden north of the island 
Terøya and the eastern part of Botnafjorden north of the island Brandsøy. This less saline water then 
meets the coastal water in the northern part of Årebrotsfjorden. The influence of the tidal waves 
further complicates the current conditions around Florølandet and Brandsøy. North- and north-
westerly winds will pull the coastal waters out from the land, followed by an outflow of surface water 
from the fjords, while south- and south-westerly winds will force the coastal water toward the land and 
result in an influx of surface water into the fjords. In addition there are seasonal variations, with the 
outgoing flow of brackish water being stronger during summer and autumn than during winter and 
early spring. 
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WATER QUALITY  
 
The environmental conditions related to the open waters are characterised by a high degree of water 
exchange. Water samples were taken on 6 locations in July and August 2008 (summer situation; 
figure 4) and in January and February 2009 (winter situation; figure 5). Samples were taken both on 
the surface and near the bottom. The locations include the outlets at in Melkevika (RD1, new in 2010), 
Stranda (RD2+3), outside Havreneset (RD6, new in 2012), Storåsen south, Kanalen south, and on 
location further out in Solheimsfjorden. 
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Figur 4. Concentration of phosphorous (“Fosfor”) and nitrogen near the surface (“overflaten”, left) 
and bottom (“bunn”, right) at the six locations near existing and new outlets in Florø and further out in 
the recipient Solheimsfjorden. The blue and green lines indicate the limit values of SFT’s category I-II 
”summer”. The water samples were analysed by Chemlab Services Ltd. 
 
Overall the concentrations of phosphorous and nitrogen were low in July and August, both near the 
surface and the bottom, and the nutrient levels varied only slightly among the different locations 
(figure 4). The phosphorous level near the bottom in Melkevika was somewhat elevated compared 
with the other locations, indicating a moderate effect of effluents at this site. The phosphorous level 
was a little higher in August than in July on all locations and depths. The variation does not exceed 
normal sample variation. All surface levels of phosphorous and nitrogen correspond with the condition 
category I = “very good”. On five of the locations the phosphorous concentrations on the bottom 
corresponded to the condition categories I = “very good” or II = “good”. In Melkevika the 
phosphorous level at the bottom (30 m depth) corresponded to the category III = “less good”. 
However, this classification system is primarily designed for characterizing surface water, so the 
relevance in relation to bottom samples is uncertain. 
 
As can be expected, the amount of nutrients in summer was higher near the bottom than near the 
surface (figure 4). This is due to a natural consumption of nutrients in the surface waters and also 
because surface water is exchanged more frequently than water near the bottom. 
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Figur 5. Concentration of phosphorous (“Fosfor”) and nitrogen near the surface (“overflaten”, left) 
and bottom (“bunn”, right) at the six locations near existing and new outlets in Florø and further out in 
the recipient Solheimsfjorden. The blue and green lines indicate the limit values of SFT’s category I-II 
”winter”. The water samples were analysed by Chemlab Services Ltd. 
 
The concentrations of phosphorous and nitrogen were low to moderate in January and February, both 
near the surface and the bottom, and the nutrient levels varied only slightly among the different 
locations (figure 5). The phosphorous level near the surface was higher than in the summer, due to 
lack of algal consumption at this time of the year. The phosphorous level near the surface in 
Melkevika was somewhat elevated in January compared with the other locations, indicating a 
moderate effect of effluents at this site. On all locations and depths, with the exception of the surface 
in Melkevika, the phosphorous level was a little higher in February than in January. The variation does 
not exceed natural sampling variation. All levels of both phosphorous and nitrogen near the surface 
and the bottom correspond to the category I = “very good” and II = “good”. Only the surface water in 
Melkevika had a level of phosphorous corresponding to category III = “less good”. 
 
The content of nutrients found near the surface is normal for these types of recipients. The periodic 
fluctuations between samples and seasons are within the normal range and reflect what can be 
expected in open water bodies with good surface water exchange. The visibility corresponds to the 
condition category I = ”very good” (figure 6). 
 
The concentrations of E. coli per 100 ml ranged from low to somewhat elevated on all locations in 
July and August 2008, and from low to moderate in January and February 2009 (figure 7). In 
Solheimsfjorden, northwest of Havreneset and outside Storåsen south the water exchange is very 
good, and the bacterial level was zero or very low. In Melkevika the water exchange is more moderate 
and the water quality there was more influenced by E. coli bacteria. Most bacterial levels were within 
the condition categories I = “very good” and II = “good”. The only exception was outside Stranda in 
August, where the concentration of bacteria corresponded to the category III = “less good”. Outside 
Kanalen south the concentration of bacteria corresponded to the category II = “good” both summer 
and winter. This is probably due to the samples being taken close to or within the plumes from the 
outlets. The modelling of the outlets shows that the sewage will not break through to the surface with 
maximum discharge from the outlets and medium current velocity, and that dispersion and dilution 
occur quickly after discharge. 
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Figur 6. Visibility in July and August 2008 (left) and January and February 2009 (right) at the six 
locations near existing and new outlets and further out in the recipient Solheimsfjorden. The lines 
indicate limit values for SFT’s category I and II. 
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Figur 7. Bacterial level (E. coli per 100 ml) in July and August 2008 (top) and January and February 2009 
2007 (bottom) at four of the six locations examined near existing and future outlets and further out in the 
recipient Solheimsfjorden. The lines indicate limit values for SFT’s category I and II. 
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SEDIMENT QUALITY 
 
 
The fraction of particulate matter (silt and clay) was relatively high in Melkevika and somewhat 
elevated outside Stranda, indicating that sedimentation occurs within the harbour area. The reason is 
probably that the samples were taken at the deepest point of a basin with a sill to the west at 26 m 
depth, between Nordnes and Langholmen. The sedimentation is strongest in Melkevika, as this is the 
most enclosed part of this recipient. The sediment was less finely grained outside Havreneset since this 
sampling location is in an area with good currents and water exchange and no stagnant water at the 
bottom. There was a high level of particulate matter at the sampling location in Solheimsfjorden, as 
can be expected, since the samples were taken at the deepest part of the fjord where sedimentation will 
occur naturally (figure 8).  
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Figure 8. Sediment quality on the four location examined in Flora 16 July 2008. Top, left: Content of 
clay (“leire”) and silt; Top, right: Ignition loss (”glødetap”); Bottom, left; Proportion of dry matter 
(”tørrstoff”); Bottom, right: Estimated normalized (“normalisert”) TOC. 
 
That sedimentation took place on three of the sampling locations is also reflected in a somewhat 
elevated ignition loss of 12-17 %. The fraction of dry matter was also low, showing that the samples 
contained a high proportion of organic matter and not so much mineral matter. It was only outside 
Havreneset that the ignition loss and dry matter proportion was normal and representative of less 
sedimenting conditions. The level of normalized TOC in the sediments were high on all locations, 
corresponding to SFT’s condition category V = “very poor”. It should be noted, however, that the 
categorization in terms of TOC is set too restrictive in the 1997 edition of the SFT guide. The “poor” 
environmental conditions on the sampling locations are not consistent with the quality of the bottom 
dwelling fauna, which on two of the locations appear healthy, diverse and with no signs of organic 
stress. 
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SOFT BOTTOM FAUNA 
 
The soft bottom fauna was clearly affected by organic deposits in Melkevika and outside Stranda. The 
conditions in Melkevika corresponded to the condition category III = “less good”, while Stranda is 
categorized as II = “good” (figure 9). The abundance (number of individuals per m²) was high on both 
locations, but the dominating species were pollution tolerant and typical indicators of environments 
with a high degree of organic stress. The conditions on the Stranda location were better than 
Melkevika, having a lower abundance but higher number of species. Because of uneven abundance of 
the various species the diversity index was low on both locations. 
 
Outside Havreneset the environmental conditions were good, and the soft bottom fauna appeared 
healthy and well balanced in terms of abundance and richness and composition of species. The 
abundance was markedly lower than on the two harbour locations, but species richness and diversity 
was high, corresponding with category I = “very good”. This location is exposed and with good water 
exchange and turnover of organic matter. 
 
At the deepest parts of Solheimsfjorden the environmental conditions were also good compared to 
what is expected to be natural conditions. However, the abundance and species richness was lower 
here than on any of the other locations. Thus, the diversity index was also low, categorizing the soft 
bottom fauna as III = “less good” (figure 9). In deep fjords the influx of organic matter is often 
minimal, and it is likely that the “poverty” of the bottom fauna in Solheimsfjorden is due to lack of 
nutrition. Studies have shown that access to food is a limiting factor for soft bottom fauna in deep 
fjords (Pearson 1980). There were no signs that the sediment was negatively affected, since there were 
few species that are indicative of pollution. Most of the species found are typical of the fauna in an 
uninfluenced deep fjord. 
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Figur 9. Bottom fauna on the four locations 
examined on 16 July 2008. Top left: Abundance 
(“tetthet”, no. of indviduals/m²); Top right: number 
of species/m²; Right: Diversity index with SFT’s 
categorization (right). 
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HEAVY METALS AND ORGANIC POLLUTANTS 
 
The sediments from three of the sample sites (Stranda, Havreneset og Solheimsfjorden) showed 
negligible to moderate pollution by heavy metals and the levels of all the heavy metals examined 
corresponded to SFTs environmental condition categories I and II (“background” and “good”). Only 
the amount of copper in Solheimsfjorden corresponded to the category IV = “poor”. The sediment in 
Melkevika was most influenced by heavy metal pollution, with the concentrations of five of the seven 
metals corresponding to categories III or IV (“moderate” and “poor”).  
 
The concentrations of organic pollutants varied more among sample sites (figure 10). The sediment in 
Solheimsfjorden was least influenced and the level of PAH, PCB and TBT was within the categories I 
and II (“background” and “good”). The sediments outside Havreneset were also moderately polluted, 
within categories II and III (TBT level). The sediments in Melkevika and outside Stranda were 
moderately to markedly polluted. The level of PCB and PAH corresponded to category III = 
“moderate” on both sites. The level of TBT was very high on both sites, though most severely in 
Melkevika, and the levels corresponded to the category V = “very poor” on both sites. 
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Figur 10. Content of organic pollutants in the 
sediment on the three locations examined in Flora 
on 16 July 2007. The limits of SFT’s condition 
categories are shown as lines. 
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The pollution by heavy metals and organic pollutants is a natural consequence of urbanization and 
various forms of human activity. It is likely that the pollution in the sediments in Florø harbour to a 
high degree is a result of previous discharges related to industrial activity and shipping in the harbour 
area north of Florø. The moderate amounts of environmental pollutants outside Havreneset indicate 
that most of the pollution is confined to the actual harbour area, but this can not be firmly concluded 
because of the geographically limited nature of the sampling. The deepest point of Solheimsfjorden 
showed few signs of pollution, indicating that only small amounts of environmental pollutants are 
transported that far. Hydrographical surveys show that there is limited water exchange between 
Solheimsfjorden and the areas north and west of Florø harbour, and this would explain the low levels 
of environmental pollutants found in the deepest part of Solheimsfjorden.  
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